
Abstract. The aim of this study was to assess the
significance of expression of hypoxia-inducible factor-1α
(HIF-1α) and associated proteins in pancreatic ductal adeno-
carcinoma (PDA) and their impact on prognosis. Expression
of HIF-1α, vascular endothelial growth factor (VEGF),
glucose transporter-1 (Glut-1), survivin, CD34 and Ki-67 and
apoptotic cells was demonstrated by immunohistochemistry
or TUNEL in 58 PDAs and 20 normal pancreatic tissue
samples. Our results show positivity of HIF-1α, VEGF, Glut-1
and survivin in 70.7%, 77.6%, 67.2% and 84.5% of the
patients with PDA, respectively, which is significantly higher
than in the normal counterparts. Expression of HIF-1α
correlated positively with VEGF and Glut-1 expression but
not with survivin. Strong HIF-1α expression associated with
decreased apoptotic index and increased intratumoral
microvessel density. Higher HIF-1α, VEGF and Glut-1
expression significantly associated with advanced tumor
stage and lymph node metastasis. Patients with high HIF-1α,
VEGF and Glut-1 expressing tumors had a poorer overall
survival. Furthermore, Cox regression analysis showed that
HIF-1α is a prognostic marker of borderline significance
while VEGF was important in predicting poor outcome.
These results suggest that over-expression of HIF-1α may
play an important role in cancer progression through up-
regulation of VEGF and Glut-1 in PDA patients. HIF-1α and
VEGF are potential candidates for predicting survival.

Introduction

Pancreatic cancer, 90% of which is ductal adenocarcinoma,
is considered to be one of the most aggressive human cancers.
Although substantial improvements have been made in the
surgical technique of pancreaticoduodenectomy, prognosis of
pancreatic ductal adenocarcinoma (PDA) remains dismal.
Hypovasculature, a main characteristic of PDA, is used in
imaging diagnosis, hence fast proliferating pancreatic cancer
tissues appear hypoxic, due to poor blood supply. However,
malignant cells can undergo genetic and adaptive changes
that allow them to survive during oxygen and nutrition
deprivation.

Hypoxia-inducible factor-1 (HIF-1) is one of the key
regulators under these conditions. HIF-1, a heterodimeric
transcription factor, is composed of two basic-helix-loop-
helix (bHLH)-PAS subunits HIF-1α and HIF-1ß. HIF-1α is a
unique oxygen-regulated component which determines HIF-1
activity. HIF-1α accumulates when its proteolytic degradation
by ubiquitin proteasome pathway (1) is inhibited and phos-
phatidylinositol 3'-kinase/Akt pathway is activated (2). HIF-1α
acts as a master regulator of numerous hypoxia-inducible genes
related to tumor angiogenesis, cell proliferation or survival
and glucose metabolism. Thus increased HIF-1α expression
could be associated with malignant potential and unfavorable
patient prognosis. VEGF plays a central role in the tumor
neo-angiogenesis which is a crucial step in tumor growth and
progression. Glut-1 mediates cellular glucose uptake and thus
facilitates anaerobic glycolysis, a prerequisite for cancer cell
proliferation under hypoxic microenvironment. Survivin, a
specific member of the apoptosis inhibitor protein family, is
uniquely expressed in various kinds of human malignances
but not in normal adult cells. Over-expression of survivin is
associated with reduced cell apoptosis in many kinds of
cancers including pancreatic cancer.

A complicated network of diverse genes and proteins
contributes to tumor progression (3). It is therefore possible,
that a combination of markers might be required to fully
evaluate their significance for a given tumor type. Although
high levels of HIF-1α expression has been shown in many
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types of cancer tissue and cell lines, only a few studies focused
on pancreatic cancer (5,11,18,23). Even though high HIF-1α
expression has been detected in pancreatic cancer, its impact
on the prognosis still remains uncertain. In this study, we
investigated the expression of HIF-1α and related proteins and
their association to intratumoral microvessel density (IMD),
apoptotic index (AI), Ki67 labeling index (Ki-67 LI) and
other clinical features as well as their prognostic value in
PDA.

Materials and methods

Patients. Fifty-eight patients with PDA who underwent radical
surgery at our hospital between April 1993 and February
2005 were included in this study. Mean patient age was
60.66±11.02 years. None of the patients had preoperative

radiation or chemotherapy. Experienced pathologists provided
detailed pathological diagnosis according to UICC TNM
classification standards (4). Patient information and tumor
characteristics are summarized in Table I. Normal pancreatic
tissue was obtained from patients who underwent pancreato-
duodenectomy or distal pancreatectomy for diseases other
than pancreatic cancer. Anonymous use of leftover tumor
material was part of standard treatment agreement with
patients in our hospital. Patient survival data were obtained
by telephone contact and direct home visit.

Immunohistochemistry. Formaldehyde-fixed and paraffin-
embedded cancer samples were retrieved from the archives
of department of pathology. Normal pancreatic tissues were
also fixed and paraffin-embedded. To reconfirm the diagnosis,
our pathologists evaluated a representative hematoxylin-
eosin stained slide from each patient before the following
study. Tissue sections (4 μm) were deparaffinized in xylene
and rehydrated through graded ethanol. Slides were heated
in 0.01 M citrate buffer for 16 min in a microwave oven and
cooled for 20 min. Slides were washed in PBS and endogenous
peroxidase was blocked (3% hydrogen peroxide in methanol
for 5 min) and incubated in 10% normal goat serum for
30 min. Sections were then incubated either with anti-HIF-1α
rabbit polyclonal antibody (BA0912, Wuhan Boster, China),
mouse monoclonal antibody (QBEnd/10) against CD34
(M7165, Dako, Denmark) and mouse monoclonal antibody
(Ki-S5) (M7187, Dako) at a dilution of 1:50, or with anti-
VEGF mouse monoclonal antibody (MAB-0243, Fuzhou
Maixin Biotech Inc., China), anti-Glut-1 rabbit polyclonal
antibody (RAB-526) and anti-survivin rabbit polyclonal anti-
body (RAB-0536) which were ready-to-use antibodies at room
temperature for 60 min. Visualization of binding antibodies
was demonstrated by a two-step immunohistochemistry pro-
cedure using Supervision™ Universal (Anti-Mouse/ Rabbit)
Detection Reagent (HRP) (D3004, Shanghai Changdao
Biotech Co., Ltd., China) according to the manufacturer's
instructions. Counter staining was performed with hematoxylin.
For negative controls, the primary antibody was omitted and
replaced by PBS.

TdT-mediated dUTP nick end labeling (TUNEL). TUNEL
was done using in situ Cell Death Detection kit (Roche
Diagnostic, Germany) as per directions. Briefly, deparaffinized
sections were treated with proteinase K for 10 min, followed
by treatment with 0.3% H2O2 in methanol (10 min), incubated
with TUNEL reaction mixture (60 min) and peroxidase-
conjugated antibody for 30 min. Slides were then stained with
diaminobenzidine solution for 10 min and counterstained
with hematoxylin. Positive controls, sections were treated
with DNase before TUNEL reaction mixture and the later
was omitted in negative controls.

Semi-quantitative assessment of proteins and determination
of AI and Ki67 LI. Results were evaluated independently by
two investigators without prior knowledge of the patients'
data. HIF-1α expression was scored as -, +, ++ and +++, as
described previously (5,6). To determine VEGF and Glut-1
expression, percentage of positive cells and staining intensity
points were added to produce a weighted score for each
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Table I. Summary of clinical and pathological characteristics.
–––––––––––––––––––––––––––––––––––––––––––––––––
Characteristics
–––––––––––––––––––––––––––––––––––––––––––––––––
Age (years)

Median 62
Range 32-78

Gender
Male 37
Female 21

TNM stage
I 7
II 29
III 17
IV 5

Lymph node status
Negative 40
Positive 18

Margin status
Negative 50
Positive 4
Undetermined 4

Grade
G1-G2 48
G3-G4 8
Not classified 2

Chemotherapy
Yes 19

FMa 9
GPa 10

Nob 39
–––––––––––––––––––––––––––––––––––––––––––––––––
aFM, 5-Fu + MMC; GP, gemcitabine + platinumdrugs. bIncluding
patients not using any drug or not fully using drugs after surgery.

–––––––––––––––––––––––––––––––––––––––––––––––––
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case. The percentage of positive cells was rated as: 1 point,
up to 10% positive cells; 2 points, 11-50% positive cells; 3
points, 51-80% positive cells; 4 points, >81% positive cells.
The staining intensity was classified as 0, 1, 2 or 3 points for
no staining, weak, moderate and strong intensity,
respectively. Specimens were divided into four groups
according to their weighted score: -, 1-2 points; +, 3 points;
++, 4-5 points and +++, 6-7 points. For statistical reasons,
tumors were classified into two groups: (-) and (+), low
reactivity group, (++) and (+++), high reactivity group. Previous
guidelines were adopted for the assessment of survivin
expression and tumors were enrolled into negative (-) and
positive (+) categories (7,8). IMD was assessed by light micro-
scopy after immunostaining for CD34 as described (9,10).
For Ki-67 LI or AI calculation, prior scanning of the slides
under low magnification (x100) was carried out to gain a
general estimation of the staining status, followed by counting
a minimum of 1000 total neoplastic cells under several conse-
cutive high power fields (x400) in the representative areas.
Cells or bodies with questionable staining were discounted and
necrotic areas were avoided for AI calculations.

When independent scoring of a case differed, it was re-
checked, and the final weighted score was determined by
recounting using a multi-headed microscope with the observers
simultaneously viewing the slides. If the deviation was <30%
in continuous variable, the mean value was adopted as

the final score, otherwise, the case was re-evaluated until a
consensus was achieved.

Statistical analysis. The difference between groups of
continuous data was identified by Student's t-test. Categorical

variables were assessed by χ2 or Fisher's exact test. Spearman's

rank correlation coefficient test was carried out for testing
the association between ordinal variables. Univariate analysis
of overall survival and survival curves were performed by
Kaplan-Meier method, and the Cox proportional hazards
model was used for multivariate analysis. A value of P<0.05
was considered statistically significant. All analyses were
performed with SPSS11.0.

Results

Expression of the investigated proteins. HIF-1α, VEGF, Glut-1
or survivin expression was not detected in the exocrine portion
of all normal pancreatic samples (Fig. 1A). HIF-1α, VEGF,
Glut-1 and survivin positive cells were detected in 41 (70.7%),
45 (77.6%), 39 (67.2%) and 49 (84.5%) out of 58 tumor
blocks. HIF-1α expression was present in a diffused pattern
in the nucleus and/or cytoplasm of the tumor cells (Fig. 1B
and C). In addition, strong HIF-1α expression was observed
in cancer cells on the periphery of localized necrotic areas and
in the cells around the borderline between tumor and adjacent
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Figure 1. Demonstration of investigated proteins and apoptosis in normal and cancer pancreatic tissues by immunohistochemistry. (A) Negative expression of
HIF-1α in normal pancreatic tissue (x400). (B) Diffuse nucleus staining of HIF-1α in malignant cells (x400). (C) Positivity of HIF-1α in malignant cytoplasm
(x400). (D) VEGF expression within cytoplasm and cell membrane of the cancerous cells (x400). (E) Cytoplasmic and cell membrane staining of Glut-1 in
cancer cells (x400). (F) Positive survivin staining in the cytoplasm and nucleus of malignant cells (x400). (G) CD34 expression in vascular endothelial cells
within the tumor (arrow shows one of the microvessels) (x200). (H) Ki-67 positivity in the nucleus of malignant ductal cells (x400). (I) A typical apoptotic
cell (arrow) (x400).
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normal tissue. Negative (-), weak (+), moderate (++) and
strong (+++) expression staining categories were detected in
the 17, 15, 19 and 7 cases, respectively. Staining for VEGF
was mainly located within cytoplasm and cell membrane of
the cancer cells (Fig. 1D) as negative (-), weak (+), moderate
(++) and strong (+++) in 13, 23, 14 and 8 cases, respectively.
Glut-1, yellow-brown staining was visible in the cytoplasm
and cell membrane of tumor cells (Fig. 1E). Distribution of
Glut-1 staining was striking similar to HIF-1α expression.
There were 19, 19, 17 and 3 cases of tumor specimens
showing negative (-), weak (+), moderate (++) and strong
(+++) Glut-1 expression. Of the studied specimens, 49 cases
were positive for survivin staining in the cytoplasm or in the
nucleus in some cases (Fig. 1F). Distinct microvessel frames

for CD34 staining emerged under the light microscope
(Fig. 1G). The mean IMD for the tumor group was 28.5±15.2.
Clear staining restricting to the nucleus indicated positive
labeling for Ki-67 or interpreted cell apoptosis (Fig. 1H and I).
The mean Ki-67 LI and AI of the cancer group were
28.27±14.49% and 1.48±0.83%, respectively.

Relationship between HIF-1α and other associated proteins
and IMD or indices. Spearman rank correlation revealed a
significant positive linear correlation of HIF-1α with VEGF
(r=0.334; P=0.010), and Glut-1 (r=0.423; P=0.001) but not with
survivin (r=0.120; P=0.369) (Table II). Expression of HIF-1α
(P<0.001) and VEGF (P=0.043) correlated positively with
IMD (Fig. 2). AI inversely correlated with reactivity of HIF-1α
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Figure 2. Boxplots of IMD of 58 specimens with PDA stratified for different levels of HIF-1α and VEGF expression. (A) High levels of HIF-1α expression
significantly correlated with increased IMD (Student's t-test, P<0.001). (B) Intensified expression of VEGF promoted tumor neoangiogenesis in PDA
(Student's t-test, P=0.043).

Table II. Relationship between HIF-1α and other investigated proteins in PDA.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

HIF-1α expression Spearman rank correlation
––––––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––

Other protein expression (-) (n=17) (+) (n=15) (++) (n=19) (+++) (n=7) r P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
VEGF

Negative (n=13) 7 4 2 0
Weak (n=23) 5 7 7 4
Moderate (n=14) 5 2 6 1
Strong (n=8) 0 2 4 2 0.334 0.010

Glut-1
Negative (n=19) 8 9 1 1
Weak (n=19) 5 3 11 0
Moderate (n=17) 4 3 5 5
Strong (n=3) 0 0 2 1 0.423 0.001

Survivin
Negative (n=9) 4 2 2 1
Positive (n=49) 13 13 17 6 0.120 0.369

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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staining (P=0.003). Increased Ki-67 LI was accompanied by
high levels of HIF-1α expression (P=0.056) (Table III).

Expression of the studied proteins in relation to clinico-
pathological parameters. As shown in Table IV, tumors with
high HIF-1α expression were larger than those with low HIF-1α
expression (Fisher's exact test, P=0.063). Besides, high levels
of HIF-1α expression, as well as VEGF and Glut-1 expression,
significantly correlated with advanced tumor stage (III + IV)
and lymph node metastasis.

Survival analysis. Overall survival was defined as the period
from the day of surgery until death of the patient. Death from
a cause other than cancer relapse or survival until the end
of observation period was considered a censoring event.

Follow-up data were available for 53 patients, however, we
lost track of 5 patients during the observation period. The
median follow-up time was 13.0 months and the survival rate
was 50.4% and 26.0% at 1 and 2 years. Thirty-eight patients
died of pancreatic cancer at the endpoint of observation period
while only one patient was still alive at 5 years following the
operation. As shown in Table V and Fig. 3, univariate
analysis revealed that higher expression of HIF-1α, VEGF
and Glut-1 were respectively correlated with poor prognosis.
Survivin expression was not a prognostic factor for overall
survival.  IMD and AI appeared to have a marginal
significance on prognosis, whereas Ki-67 LI had no
prognostic value. In addition, we evaluated the impact of
clinicopathological features and chemo-therapy applied after
surgery on overall survival. As a result, low histological
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Table III. Correlation between HIF-1α expression and mean AI and Ki-67 LI in pancreatic cancer.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

HIF-1α expression Student's t-test
––––––––––––––––––––––––––––––––––

Indices (% ± SD) Low High P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Mean AI 1.77±0.77 1.13±0.77 0.003
Mean Ki-67 LI 25.04±13.61 32.24±14.82 0.056
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table IV. Correlation between the expression of investigated proteins and clinicopathological data.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

HIF-1α expression VEGF expression Glut-1 expression Survivin expression
–––––––––––––––––––– –––––––––––––––––– ––––––––––––––––––– –––––––––––––––

Parameters Low High P-value Low High P-value Low High P-value (-) (+) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (years)
<60 16 7 15 8 14 9 4 19
≥60 16 19 0.074a 21 14 0.689a 24 11 0.546a 5 30 1.000b

Gender
Male 21 16 21 16 24 13 5 32
Female 11 10 0.747a 15 6 0.268a 14 7 0.890a 4 17 0.710b

Tumor size
<2 cm 7 1 7 1 6 2 2 6
≥2 cm 25 25 0.063b 29 21 0.139b 32 18 0.701b 7 43 0.597b

LN status
Negative 26 14 30 10 32 8 7 33
Positive 6 12 0.025a 6 12 0.002a 6 12 0.001a 2 16 0.706b

TNM stage
I + II 26 10 29 7 29 7 7 29
III + IV 6 16 0.001a 7 15 <0.001a 9 13 0.002a 2 20 0.459b

Grade
G1 + G2 28 20 31 17 32 16 7 41
G3 + G4 3 5 0.445b 3 5 0.241b 4 4 0.437b 1 7 1.000b

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aχ2 test; bFisher's exact test.

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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grade, present of lymph node metastasis and advanced TNM
stage significantly predicted patients' survival, whereas age,

gender, margin status and adjuvant chemotherapy had no
predictive value. All factors that were significant for
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Figure 3. Survival curves of the PDA patients with regard to HIF-1α (A), VEGF (B), Glut-1 (C) and survivin (D) expression. (A) PDA patients with low HIF-1α

expression survived longer than HIF-1α high group (P=0.0208). (B) High expression of VEGF indicates a shorter overall survival for patients with PDA
(P=0.0002). (C) The overall survival rate of patients with high Glut-1 expression tumors was significantly lower than that of patients with low Glut-1
expression tumors. (D) Survivin expression does not influence the overall survival rate of PDA patients (P=0.6614).

Table V. Univariate and multivariate analysis of overall survival of 58 patients with PDA.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Univariate analysis Multivariate analysis
––––––––––––––– ––––––––––––––––––––––––––––––––––––––––

Variables P-value P-value Relative risk 95% CI
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (<60 years vs ≥60 years) 0.3395
Gender (male vs. female) 0.5932
Histological grade (G1 + G2 vs. G3 + G4) 0.0118 0.991
Lymph node status (positive vs. negative) <0.0001 0.700
TNM stage (I + II vs. III + IV) <0.0001 0.235
Margin status (positive vs. negative) 0.1352
Chemotherapy (yes vs. no) 0.3814
FM vs. GPa 0.4565
IMD (< mean vs. ≥ mean) 0.0835
AI (< mean vs. ≥ mean) 0.0777
Ki-67 LI (< mean vs. ≥ mean) 0.5782
HIF-1α (high vs. low) 0.0208 0.051 2.220 0.997-4.994
VEGF (high vs. low) 0.0002 0.014 2.603 1.210-5.599
Glut-1 (high vs. low) 0.0088 0.161
Survivin (positive vs. negative) 0.6614
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aFM, 5-Fu + MMC; GP, gemcitabine + platinum drugs.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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predicting overall survival by univariate analysis were included
in the multivariate Cox regression analysis, which revealed
that HIF-1α expression was a survival predictor of borderline
significance and VEGF maintained its independence for
prognosis.

Discussion

The present study demonstrated that 70.7% of the investigated
PDA samples showed positive HIF-1α staining, consistent
with previous reports (5,11). We have observed two patterns
of HIF-1α expression representative of two distinct
mechanisms of induction (12). Focal strong HIF-1α
expression in the tumor cells around necrosis and invading
margins indicated its induction by hypoxia while the diffused
nuclear and/or cytoplasm staining suggested an oxygen-
independent pathway. High levels of HIF-1α expression,
regardless of expression pattern, indicated lymph node
metastasis and a tendency of larger tumor size as well as
advanced TNM stage. To determine whether this group of
patients had similar characteristics to larger patient group
with pancreatic cancer, we analyzed the relationship between
clinical outcome and the established prognostic factors.
Expectedly, advanced tumor stage, histological grade and
lymph node metastasis were confirmed to be adverse
prognostic factors. Furthermore, we analyzed the prognostic
value of HIF-1α which turned out to be of statistical
significance. Therefore, this suggests that HIF-1α promotes
aggressive behavior of PDA, encouraging us to continue
implementing our investigation in detail.

Previous studies have shown that HIF-1α expression
closely correlates with VEGF in several kinds of human
cancers (9,11,13-17). Buchler et al demonstrated that hypoxia
induced HIF-1α dramatically transactivated VEGF gene
expression in pancreatic cancer cells in vitro and explored co-
localization of VEGF mRNA and HIF-1α protein in the same
ductal cancer cells (18). The present study shows that
elevated HIF-1α expression correlated significantly with
intense VEGF expression, which suggested that HIF-1α may
up-regulate VEGF expression. VEGF is the most potent pro-
angiogenic factor known to directly participate in
angiogenesis (19). Therefore, intensified VEGF expression
might be responsible for increased IMD. Our results showed
that HIF-1α and VEGF were positively correlated with IMD,
as shown by others in pancreatic cancer (5,11), gastric cancer
(14), bladder cancer (15), hepatocellular carcinoma (16)
and colorectal adenocarcinoma (9,17). IMD is generally
recognized as a predictor of poor prognosis of pancreatic
carcinomas (20,21). However, in the present study, IMD was
marginally significant for predicting survival, whereas high
levels of HIF-1α and VEGF were significantly associated
with worse clinical outcome. These findings suggested that
the role played by HIF-1α could not be solely elucidated by
angiogenesis via up-regulation of VEGF. Therefore, we
further investigated several vital HIF-1 related genes to gain
a more comprehensive view of PDA.

Younes et al found that Glut-1 is undetectable in normal
pancreatic tissue, but widely expressed in pancreatic adeno-
carcimoma, and hypothesized that Glut-1 expression pro-
motes utilization of energy in tumor cells, contributing to

their aggressive behavior (22). Akakura et al reported that
constitutive expression of HIF-1α made pancreatic cancer
cells survive and proliferate under severe hypoxia and nutrient
deprivation partially through up-regulation of Glut-1 gene
(23). In the present study, we demonstrated that 39/58
(67.2%) PDA cases were positive for Glut-1 and its expression
highly correlated with HIF-1α. In addition, the expression
pattern of Glut-1 is strikingly similar to HIF-1α. Collectively,
these results indicate that HIF-1α is a Glut-1 stimulator in
the complex tumor microenvironment. In order to determine
whether up-regulated Glut-1 had influence on patients or
not, we further investigated its correlation with clinico-
pathological parameters as well as its impact on prognosis.
As expected, we found that high expression of Glut-1 always
predicted late tumor stage and lymph node metastasis and
unfavorable clinical outcome. To our knowledge, ours is the
first study to evaluate the effect of Glut-1 expression on
pancreatic cancer in vivo. Although, a relationship between
Glut-1 expression and the clinical factors in other human
cancers is controversial, it is generally agreed that Glut-1
expression forecast a dismal prognosis (24,25).

Survivin, a recently identified novel anti-apoptosis gene,
is a member of the IAPs family widely expressed in human
cancers including PDA but not in most normal adult tissues
(26). Several studies have reported that survivin is over
expressed in pancreatic cancers (7,27-30), and plays an
important role in carcinogenesis of pancreas through its anti-
apoptotic effects (30,31). However, whether survivin gene
is a survival predictor for patients with pancreatic cancer
remains controversial. Kami et al first reported that survivin
expression may be a prognostic factor in pancreatic cancers
(29). Whereas Lee et al failed to find similar results due to
limitation of patients and improper proportion of survivin-
negative patients for comparison (27). Likewise, in the present
study, since only nine patients were survivin negative, no
relationship between survivin and clinicopathological features
with the exception of AI was detected (data not shown).
Therefore, it is suggested that survivin may not be useful in
predicting survival and further studies with large number of
patients are required to determine the clinical significance of
survivin in pancreatic cancer. Moreover, we did not find a
surmised relationship between survivin and HIF-1α expression.
Wei et al showed that the expression of HIF-1α mRNA
correlated closely with survivin expression (32). Chang et al
have recently shown that down regulation of HIF-1α caused
reduction in survivin expression in pancreatic cancer cell
line transfected with antisense HIF-1α plamid in vitro (33).
However, these results can be explained as follows: first, the
expression of HIF-1α protein is influenced not only by
increased mRNA levels but also by oxygen tension at post-
transcriptional level; second, artificial hypoxia environment
in vitro could not comprehensively mimic the actual anoxia
inside solid tumors.

Cell proliferation and apoptosis are two fundamental
aspects of tumor progression and their conjunct influence
determines the clinical outcome of cancer patients. Present
results demonstrated that strong expression of HIF-1α
(P=0.056) and VEGF (data not shown), is associated with
enhanced Ki-67 expression. Additionally, increased Glut-1
expression significantly correlated with increased Ki-67 LI
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in tumors (data not shown). Thus, it can be deduced that
HIF-1α via up-regulation of its downstream genes such as
VEGF and Glut-1, that provide energy and oxygen, may
induce pancreatic cell proliferation. On the other hand, we
revealed that HIF-1α expression adversely correlated with AI
in PDAs. Akakura et al, consistent with our results, reported
that pancreatic cell lines with high concentration of
constitutively expressed HIF-1α under normoxia were
resistant to apoptosis induced by hypoxia and glucose
deprivation (23). Chen et al demonstrated that dominant
negative HIF-1α rendered pancreatic cancer cells sensitive to
apoptosis and growth inhibition by hypoxia and energy
shortage (34). However, as we know, since HIF-1α can
manipulate cell apoptosis, it is likely that certain factors may
be able to determine whether HIF-1 can shift the balance
towards apoptosis or resistance (35,36). Kitada et al recently
reported that no relationship had been found between HIF-1α
and apoptotic index in pancreatic adeno-carcinoma (5), which
may be attributed to different degrees of tumor hypoxia
between groups and varied stratifying criteria for HIF-1α. Since
we observed no relationship between HIF-1α and survivin, we
hypothesized that anti-apoptotic function of HIF-1α may be
enhanced by some other mechanisms, e.g. p53 gene
mutation.

To date, validity of HIF-1α as an independent prognostic
factor in diverse human cancers is controversial. Different
patterns of HIF-1α expression have been reported to have
differential prognostic impact on breast cancer (37). Moreover,
HIF-1α expression during different stages of breast cancer has
differential power on survival prediction (38,39). In addition,
since few studies have been focused on evaluating prognostic
value of HIF-1α in PDA patients, therefore, we enrolled
HIF-1α, associated proteins and clinical features that were
proved to be significant by log-rank test in Cox regression.
Results show that HIF-1α has an association of borderline
significance with decreased overall survival and VEGF is an
independent prognostic factor for unfavorable prognosis.

In conclusion, our data show that HIF-1α, VEGF and
Glut-1 proteins are over-expressed in PDAs, that by promoting
angiogenesis and proliferation and inhibiting apoptosis, they
accelerate the pace of tumor development towards malignant
phenotype. Moreover, HIF-1α and VEGF were confirmed to
be potential predictors of poor prognosis. Therefore, it is
suggested that PDA patients may substantially benefit from
treatments targeting HIF-1α, and a routine evaluation of these
proteins by immunohistochemistry may improve our insight
into enhanced treatment after surgery.
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